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(1. 712100; 2. 100049; 3.
712100; 4. 712100; 5. 710054)
5 10.30.50.70.90 t/
hm? N
o : 0.5~0.25 mm<5~3 mm.7~5 mm

0.33~2.23 g. 30 50 t/hm’ .
:S156.2 A

Effects of Biochar on Soil Aggregates and Potassium
WANG Ya-giong' >’ NIU Wen-quan'* WANG Jie’ LI Xuekai’ WU Mengdong’ DONG Ji-hong’

( 1. Institute of Soil and Water Conservation Chinese Academy of Sciences and Ministry of Water
Resources of the People’s Republic of China Yangling 712100 Shaanxi Province China;
2. University of Chinese Academy of Sciences Beijing 100049 China; 3. Institute of Water—saving Agriculture in
Arid Areas of China Yangling 712100 Shaanxi Province China; 4. College of Water Conservancy and Architectural
Engineering Northwest Agricultural and Forestry University Yangling 712100 Shaanxi Province China,

5. College of Geology Engineering and Geomatics Chang’an University Xi‘an 710054 Shaanxi Province China)
Abstract: In order to explore the effects of biochar on soil structure and fertility five biochar additions 10 30 50 70 90 t/hm’ were
selected with a O t/hm’ as the control treatment. The soil structure and the status of potassium are analyzed from the perspective of soil
aggregates combination and different kinds of soil potassium contents. The results show that the biochar affects the structure of soil mechanical
stability agglomeration of Yangling and significantly changes the mechanical stability aggregate combinations whose sizes are 0.5~0.25 5~
3 and 7~5 mm. Biochar increases the stability of soil mechanical agglomerates. However biochar has no significant effect on the stability of
water—stable aggregates. Available potassium ions effective potassium exchangeable potassium ions and water—soluble potassium ions are
exponentially related to biochar additions. Biochar increases lettuce yield significantly with every plant added 0.33 to 2.23 g. Considering the
cost of biochar it is wise to use 30 or 50 t/hm’ biochar in Yangling area in Shaanxi.

Key words: biochar; agglomerate; potassium
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1
12
° 1.1
° (108.02 °E
° 34.17 °N) . 3.6~ 140 mm
° , 59% 2.7~30.5 C 96.91 kPa 34.3~
290.9 h,
\4 ° N o 1.2
i 87.1 m’ /g 8h . 5
90.70.50+30+10 t/hm’
. ) T90.T70.T50. T30. T10( 29.08.22.62.16.16.9.69
5 321 ¢ 1 kg ) o
6 TO. 4 o
3% 5 7. ° °
5 16.48 g/kgo
3 1o
1
Tab.1 Particle size distribution and chemical properties of biochar and applied soil
1%
<0.002 mm 0002~ 0.02~2 mm ! ! ! ! pH
0.02mm (mgekg') (mgekg') (mgekg') (mg-kg)
14.83 31.99 53.19 120.51 54 085.06 10 902.43 103 427.32 10.51
30.39 34.73 34.88 23.74 496.73 93.9 520.25 7.93
. 0.02 m’ 0.025.0.05.0.1.0.2.0.3.0.5 ¢m
20 cmo ( Var. ramosa Hort) 10
30 24 2018 5 24 0.5.0.3.0.2 cm .
2018 7 22 60 d. 15d o
4 o
5 ( MWD) .
1.3 (GMD) . (PAD) o+ MWD
1.3.1 o GMD -
( y o PAD
PAD o PAD.
GMD MWD :
o 1~1.2 em B
0.025.0.05. GMD = exp Y (W, logR,/W,) (1)
0.1,0.3.0.5.0.7.1 em . pap = 2o = Woosum 00 (2)
50 g R D025
<0.25 mm . D (RW)
. 10 min MWD ==y (3)
10 . W, o W,
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a R, mm; W05 N
0.25 mm mg/kg; D.gos o
0.25 mm mg/kg. 2
1.3.2 2.1
¢ 2.1.1
s 0.25 mm .2
1:5 1 mm .
100°g 50 ml. 3 min . 0.5~0.25.5~3.7~5 mm
20 mL 1 ml 50 ml ( P<0.05) .
o 50 t/hm’
° ; 10 30 t/hm’
2 mm 1.0 g 30 mL 10 mm .
4 min > 5~3 mm 50
50 mL t/hm’ 9.08% . 3
250 ¢ ~1 mm 70 t/hm’
50 ml. : 12.46% 50 t/hm’
° 13.06% » 1~0.5
° mm 70 t/hm*
2.500 g S0mlL 2mol/L 17.57%; 10 t/hm’ 14.37%
° o 0.5~0.25 mm
1.4 T90
Duncan WPS 15.22%; T10 11.78%.
2
Tab.2 Biochar additionsaffect the structure of soil large aggregates
1%
10 mm 10~7 mm 7~5 mm 5~3 mm 3~1 mm 1~0.5 mm 0.5~0.25 mm
TO 34.22+1.54a 6.11+£0.39ab 8.00+1.18a 6.90+1.07b 10.67+2.18a 13.68+2.06¢ 14.00+0.83ab
T10 37.36+1.81a 5.29:£1.08b 6.63+0.68b 6.67+0.77b 12.84£0.71a  14.37x1.88hc 11.780.99b
T30 35.01+£1.71a 6.44+1.52ab 7.83+1.68a 7.99+1.36ab 12.93+0.65a 15.25+1.17abe 12.20+2.01b
T50 30.43+3.13a 6.86+1.00a 8.24+0.66a 9.08+1.26a 13.06+1.80a 15.97+1.80abc 13.7+2.24ab
T70 29.32+0.58a 6.23+0.93ab 7.43+0.26ab 7.20+0.52ab 12.46+0.88a 17.57+1.47a 14.98+0.48a
T90 28.40+1.49a 5.79+1.96ab 7.76+0.60a 7.98+1.19ab 13.03+£2.06a 17.38+0.96ab 15.22+0.10a
0.25 mm 1 N
0.25 mm

1

Fig.1Biocharchangesthe contentof soil microaggregate and agglomerate
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( P<0.05) ; T90 0.62% o
30 t/hm’ 2~1 mm
2.35% T10 1.18%; T90
( P<0.05) T30 97.65% - 1.39% 1~0.5 mm
2.1.2 T10
0.5~0.25.1~0.5 mm 2.99% T90 4.17% »
( P<0.05) 5~3 mm 0.5~0.25 mm
T10 0.28% 35
3
Tab.3 Effect of Biochar on Soil Water stable aggregate content
1%
>5 mm 5~3 mm 3~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm <0.25 mm

TO 0.42+0.07a 1.01+0.81a 0.49+0.12a 1.29+0.32a 3.05+0.26¢ 17.33+3.08a 76.42+2.96a

T10 0.21+0.36a 0.28+0.12b 0.52+0.20a 1.18+0.20a 2.99+0.74c¢ 12.14+0.68c 82.68+0.38a

T30 0.41+0.53a 0.59+0.38ab 0.55+0.09a 1.19+0.10a 3.11+£0.70be 14.59+2.45b¢ 79.57+2.84a

T50 0.42+0.07a 0.58+0.16ab 0.54+0.05a 1.28+0.16a 3.11+£0.36bc 15.52+1.79abe 78.56+2.27a

T70 0.36+0.32a 0.52+0.24ab 0.55+0.14a 1.32+0.15a 3.71+0.70ab 16.05+1.39ab 77.50+2.44a

T90 0.17+0.17a 0.62+0.49ab 0.49+0.12a 1.39+0.06a 4.17+0.36a 17.43+0.16a 75.74+1.12a

4 o
50 t/hm’
; 90 t/hm’
4

Tab.4 Effect of biochar on soil stability index

2

Fig.2 Biocharadditionschange soilwater—soluble potassium ions contents

.3
(P<0.05) ., 15
12.20%52.36%72.92%138.79% .191.08% .

GMB/mm MWD /mm PAD /%
TO 0.470+0.010a 0.249+0.006a 79.10+£0.018a
T10 0.455+0.049a 0.244+0.013a 80.54+0.035a
T30 0.462+0.059a 0.263+0.012a 79.08+0.035a
T50 0.466+0.008a 0.268+0.004a 77.49£0.017a
T70 0.464+0.034a 0.247+0.007a 76.86+0.034a
T90 0.461+0.040a 0.272+0.023a 80.74+0.115a
2.2
2.2.1
2 o
( P<0.05)
o 15d

68.74.151.53,197.92.
269.47.396.73 mg/kg 30 d
18.42%100.93% 136.70% 236.11%476.24%; 45 d
170. 20%~ 571. 77% -+ 618. 9% 976. 79%-
1 531.54%; 60 d
60.80% +169.40% +229.75% 405.38% 504.13% -

o

2.2.2

Fig.3 Effect of biochar contents on soil

exchangeable potassium ion content
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30d 476.33 ~ ( P<0.05) -
1 303.46 mg/kg;, 45d 432.35~1 359.29 mg/kg. 60 10 t/hm’
d 16.66% °
69.69% .105.95% +166.23% .228.03% » 15d 1.03~2.49
. 90 t/hm’ 3.43% 10 t/hm’
2.2.3 2.49 30d
R 4 795.85.790.40.1 117.98.1 281.78.
. 1 627.62.1 948.14 mg/kg 45 d
( P<0.05) 791.74.782.77.1 096.62.1 297.03.1 646.66.1 938.84 mg/kg
R 70 t/hm> 60 d 6.56% 49.84% 79.96% ~ 130.07%  169.46% o
2.29~2.53 T90 o
90 t/hm’ 2.67~3.15 .
5
4 Fig.5 Biocharadditions changeeffective potassium ion contentsin soil
Fig.4 Biochar additions change available potassium ion contents in soil 2.2.5
2.24 5.
5 °
5

Tab.5 The potassium content of soil was changed expone—ntially by biochar

d R? R? R? R?
15 y=408.09 ¢ 0.99 y=351.35 "2 0.99 y=604.19 "% 0.98 y=43.21 ™ 0.95
30 y=448.82 &*?! 0.97 y=351.41 "% 0.95 y=604.75 "% 0.97 y=43.12 % 0.98
45 y=414.77 &% 0.97 y=305.41 "% 0.97 y=597.36 "% 0.97 y=21.09 2 0.92
60 y=446.68 "* 0.98 y=320.27 "% 0.99 ¥=559.35 **! 0.98 ¥=52.95 *% 0.98
( P<0.01) . 5
2.3
6 o
7.05%22.01%-
37.52%42.74% \47.42% 47.42% (P
<0.05) . T90 6.93 g; 6

4.70 g. Fig.6 Biochar additionsincrease the output of each lettuce
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7~5.5~3.0.5~0.25 mm

3 o o
. 0.5~0.25.1~0.5 mm o
. (2) o
(3) 0.33
~2.23 g. o
s 30 50t/
0 hm? o U
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